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Abstract

Colorectal cancer cases are on the rise and have become a leading cause of cancer-related
deaths. Ginger (Zingiber officinale) is widely used in traditional herbal medicine and has
been proposed as a potential treatment for colorectal cancer. This study aimed to explore
the network pharmacology and pharmacodynamics of ginger in colorectal cancer treatment.
Colorectal cancer patient data from the GEO dataset were analyzed to identify differentially
expressed genes (DEGs). Six key components of ginger were selected based on specific
criteria, and their target proteins were predicted using the TCMSP database. By overlapping
DEGs with predicted targets, 36 candidate drug targets were identified. These targets were
analyzed for biological alterations, pathway enrichment, protein–protein interactions, and
hub-gene selection, integrating network pharmacology. Molecular docking simulations
were conducted to confirm the binding interactions between ginger components and target
proteins. The findings showed that GABAergic signaling and apoptosis were the most
enriched pathways, suggesting their potential role in colorectal cancer treatment. Docking
simulations further revealed that ginger’s active compounds bind to COX2 and ESR1,
indicating anti-inflammatory effects and modulation of estrogenic activity. This study
provides insight into the systemic mechanisms of ginger in colorectal cancer treatment
through an integrated “drug–gene–pathway–disease” network approach.

Keywords: network pharmacology; Zingiber officinale; molecular docking; ginger; colorectal cancer

1. Introduction
Colorectal cancer (CC) is a malignancy of the gastrointestinal tract that originates

in the mucosal epithelium of the colon [1]. In recent years, its incidence has been rising,
with a particularly rapid increase among younger individuals [2]. According to previous
reports, colorectal cancer accounts for approximately 10.2% of all cancer cases and 9.2% of
cancer-related deaths worldwide, ranking as the second most common cancer in terms of
both incidence and mortality [3]. The development of colorectal cancer is a multifactorial
process influenced by a combination of genetic alterations, lifestyle-related risk factors,
environmental chemical exposures, and chronic inflammation, and symptoms often do not
appear until the disease has reached an advanced stage. Common symptoms include con-
stipation, intestinal obstruction, abdominal pain, weight loss, bloody stools, and lymphatic
metastasis [4]. Current treatments primarily involve chemotherapy, surgery, and biologic
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drug therapy [5]. Additionally, adjuvant therapies such as oxaliplatin, capecitabine, and
fluorouracil are frequently used. However, these treatments come with significant side
effects, including neuropathy, neutropenia, diarrhea, and drug resistance [6]. Given these
limitations, there is a pressing need to develop more effective and safer therapeutic options
for colorectal cancer that minimize complications and adverse effects.

Throughout history, medicinal plants have been widely used as either alternatives or
complementary treatments to conventional therapies in many countries. Herbal medicines,
which have been practiced for over a thousand years, are particularly well-established
in Asian countries, especially China [7]. Their multiple-component, multiple-target, and
multiple-pathway properties make them a valuable natural source for anticancer agents,
with more than half of therapeutic drugs being derived from them [8]. Traditional Chinese
Medicine (TCM) has long played a pivotal role in the prevention and treatment of a wide
range of diseases, integrating holistic principles with diverse therapeutic modalities [9]. In
cancer treatment, prolonged exposure to chemo-radiotherapy often leads to adverse effects
such as immunosuppression, organ and cellular damage, gastrointestinal irritation, and
cumulative neuropathy, all of which can significantly impact a patient’s quality of life. Ad-
ditionally, therapeutic resistance is a major challenge in chemoradiotherapy [10]. Medicinal
plant-based treatments offer a promising approach to mitigating these complications.

Ginger (Zingiber officinale Roscoe) has been widely utilized in Traditional Chinese
Medicine (TCM) for centuries. It is predominantly cultivated in Nigeria, India, and
China [11]. The rhizome of ginger contains various bioactive compounds, including volatile
oils, diarylheptanoids, phenolic compounds, and phenyl alkaloids, which contribute to
diverse pharmacological properties [12]. However, the precise molecular mechanisms
through which the bioactive components of ginger exert their anticancer effects remain
insufficiently understood.

Network pharmacology is an advanced approach that integrates computational biol-
ogy, bioinformatics, and network science with pharmacological methodologies to explore
the molecular regulatory mechanisms of Traditional Chinese Medicines (TCMs) [13]. This
approach aligns with the holistic perspective of TCM, utilizing the principle of precise and
individualized treatment, thereby enhancing scientific research and therapeutic effective-
ness in modern pharmacology [14]. The aim of this study was to identify the bioactive
compounds in ginger using network pharmacology, determine key target compounds for
colorectal cancer treatment, explore their potential mechanisms of action, and provide a
foundation for the development and clinical application of ginger-based therapies.

2. Materials and Methods
2.1. CC Cohort Data Collection and Acquisition

Colorectal cancer (CC) gene expression datasets, GSE41258 and GSE44076, were
retrieved from the Gene Expression Omnibus (GEO) database NCBI (http://www.ncbi.
nlm.nih.gov/geo/) (accessed on 9 June 2024), a publicly available repository for gene
expression, sequencing, and microarray data. The GSE41258 dataset (GPL96 [HG-U133A]
Affymetrix Human Genome U133A Array, Israel) includes gene expression profiles from 98
normal and 98 cancerous tissue samples [15]. Similarly, the GSE44076 dataset (GPL13667
[HG-U219] Affymetrix Human Genome U219 Array, Spain) consists of gene expression
data from 54 normal and 186 cancerous tissue samples [16].

2.2. Gene Expression Analysis and DEGs Identification

A total of 284 tumor samples and 152 non-tumor tissue samples were analyzed.
The differentially expressed genes (DEGs) between colorectal cancer and non-cancerous
samples were identified by using R programming through the online platform Imageo

http://www.ncbi.nlm.nih.gov/geo/
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(https://imageo.genyo.es/) (accessed on 11 June 2024) [17]. Imageo is a web-based tool de-
signed to compare multiple datasets within the GEO series to identify DEGs. Additionally,
the platform was used to calculate p-values and |logFC|values, with the cutoff criteria for
DEG identification set at p < 0.05 and |logFC| ≥ 1.0.

2.3. Ginger Chemical Components and Target Selection

The Traditional Chinese Medicine Systems Pharmacology (TCMSP) database
(https://ngdc.cncb.ac.cn/databasecommons/database/id/4096) (accessed on 9 June 2024)
is a freely accessible database that includes numerous components from herbal medicines,
along with associated targets and pharmacokinetic data [7]. To investigate the potential
active components of ginger (Zingiber officinale), compounds were filtered based on oral
bioavailability (OB) ≥ 30% and drug-likeness (DL) ≥ 0.18. The protein targets with these
active compounds were then predicted using both the TCMSP and Swiss Target Prediction
databases (http://www.swisstargetprediction.ch/) (accessed on 9 June 2024) [18].

2.4. DEGs Overlapping of CC and Ginger Targets Using Venn Diagrams

The DEGs of CC and Ginger (Zingiber officinale) were compared using Venny (2.0.1), to
automatically search for intersection genes and draw Venn diagrams (https://bioinfogp.
cnb.csic.es/tools/venny/) (accessed on 9 June 2024).

2.5. Biological Function and Pathway Analysis

The overlapping of differentially expressed genes (DEGs) was analyzed by using
the DAVID database (https://davidbioinformatics.nih.gov/tools.jsp) (accessed on 9 June
2024) [19]. The statistical threshold was set at p < 0.05, and the analysis was conducted using
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment
methods [20].

2.6. Modular Clustering Analysis

To categorize biological functions, the PPI network was implied to the MCODE linked
in Cytoscape 3.8.2 [21]. The MCODE algorithm was used to identify tightly connected
protein clusters within a large target network, and the terms of biological functions of each
module were subsequently annotated.

2.7. Protein–Protein Network Construction and Hub-Gene Selection

Intersecting differentially expressed genes (DEGs) were input into the STRING
database, with Homo sapiens selected as the species. A high-confidence interaction threshold
of 0.4 was applied, and unconnected proteins were excluded. The resulting protein–protein
interaction (PPI) network data were imported into Cytoscape 3.8.2 for visualization. Degree
and centrality metrics for each node were calculated using Network Analysis, and genes
with values equal to or greater than twice the median were identified as hub genes.

2.8. Network Construction of Ginger-Component Target Interactions

Taking CC, ginger, and overlapping genes as the research objects, a component–target,
gene–disease, and shared pathways network was constructed by using Cytoscape 3.8.2.

2.9. Verification by Molecular Docking Simulation

The two-dimensional structures of ginger’s components were retrieved from PubChem
and saved in mol2 format (https://pubchem.ncbi.nlm.nih.gov/) (accessed on 11 June
2024). The candidate proteins from the PPI network were obtained from the PDB database
(https://www.rcsb.org/). Both the chemical structure and protein files were uploaded to
the SWISSDOCK database [22]. ChimeraX version 1.4 was used to visualize the binding

https://imageo.genyo.es/
https://ngdc.cncb.ac.cn/databasecommons/database/id/4096
http://www.swisstargetprediction.ch/
https://bioinfogp.cnb.csic.es/tools/venny/
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between the chemical and protein, and the binding energy was calculated to assess the
ligand–protein interaction.

3. Results
3.1. Screening and Collection of Ginger Target Genes

A total six putative compounds, including Euxanthone (MOL003358), Dihydro-
capsaicin (MOL008698), 6-Methylgingediacetate (MOL006129), poriferast-5-en-3beta-yl
beta-D-glucopyranoside (MOL001771), beta-sitosterol (MOL000358) and Stigmasterol
(MOL000449), meeting the criteria of OB ≥ 30% and DL ≥ 0.18, were screened from
the TCMSP database as shown in Table 1 and their genes target are shown in Table 2.

Table 1. The putative component of ginger (Zingiber officinale).

MOL ID Molecular Name OB% DL Structure

MOL000449 Stigmasterol 43.83 0.76

MOL000358 beta-sitosterol 36.91 0.75

MOL001771 poriferast-5-en-3beta-yl
beta-D-glucopyranoside 36.91 0.75

MOL006129 Methyl diacetoxy-6-gingerdiol 48.73 0.32

MOL008698 Dihydrocapsaicin 47.07 0.19

MOL003358 Euxanthone 92.98 0.16

Table 2. A list of protein targets that interact with selected ginger components.

Compounds Interacted Genes

Stigmasterol

AKR1C1, AKR1C2, AR, CLEC4E, ESR1, ESR2, GABRA1, GABRA2, GABRA3,
GABRA4, GABRA5, GABRA6, GABRB1, GABRB2, GABRB3, GABRD, GABRE,

GABRG1, GABRG2, GABRG3, GABRP, GABRQ, GRIN1, GRIN2A, GRIN2B, GRIN2C,
GRIN2D, GRIN3A, GRIN3B, HSD17B1, LIP3, LSS, NCOA2, NR1I2, NR1I3, NR3C1,

NR3C2, PGR, PPARA, RORA, SIGMAR1, SULT2A1, SULT2B1, VDR

beta-sitosterol

AKR1C1, AKR1C2, AR, CLEC4E, ESR1, ESR2, GABRA1, GABRA2, GABRA3,
GABRA4, GABRA5, GABRA6, GABRB1, GABRB2, GABRB3, GABRD, GABRE,

GABRG1, GABRG2, GABRG3, GABRP, GABRQ, GRIN1, GRIN2A, GRIN2B, GRIN2C,
GRIN2D, GRIN3A, GRIN3B, HSD17B1, LIP3, LSS, NCOA2, NR1I2, NR1I3, NR3C1,

NR3C2, PGR, PPARA, RORA, SIGMAR1, SULT2A1, SULT2B1, VDR

poriferast-5-en-3beta-yl
beta-D-glucopyranoside

AKR1C1, AKR1C2, AR, CLEC4E, ESR1, ESR2, GABRA1, GABRA2, GABRA3,
GABRA4, GABRA5, GABRA6, GABRB1, GABRB2, GABRB3, GABRD, GABRE,

GABRG1, GABRG2, GABRG3, GABRP, GABRQ, GRIN1, GRIN2A, GRIN2B, GRIN2C,
GRIN2D, GRIN3A, GRIN3B, HSD17B1, LIP3, LSS, NCOA2, NR1I2, NR1I3, NR3C1,

NR3C2, PGR, PPARA, RORA, SIGMAR1, SULT2A1, SULT2B1, VDR
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Table 2. Cont.

Compounds Interacted Genes

Methyl diacetoxy-6-gingerdiol ESR1, PTGS2, CaM

Dihydrocapsaicin PHB2, TRPV1

Euxanthone COX1, F2, PPARG, COX2, eNOS, PDE3A, DPP4, Hsp90, LTA4H, MAO, CHEK1,
PRKACA, NCOA2, PKA

3.2. Identification of DEGs in CC

The analysis of the GEO database, composed of the GSE41258 and GSE44076 datasets,
identified 7587 DEGs based on the cutoff criteria. A volcano map and distribution cluster-
ing heatmap of the identified DEGs are shown in Figure 1. The overall top 100 clustering
heatmap of significant DEGs is shown in Figure 2. In addition, a total of 36 intersec-
tion DEGs among colorectal cancer and ginger target genes were retrieved for further
mechanistic investigations of ginger in the treatment of colorectal cancer (Figure 3).

Figure 1. Bioinformatics analysis of colon cancer patients from GSE41258 and GSE44076.
(A,C) Differentially Expressed Genes (DEGs) were clustered between colorectal cancer and nor-
mal tissue from colorectal patients as shown in the volcano plot. The blue and red dots represent
down- and up-regulated genes, respectively. (B,D) A normalization of data pairs of healthy normal
subjects and patients with colorectal cancer.



Informatics 2025, 12, 116 6 of 18

Figure 2. Hierarchical clustering heatmap of the overall (A) and top one hundred (B) DEGs between
colorectal cancer and normal samples in GSE41258 and GSE44076. Each row represents a DEG and
each column represents a different sample.

Figure 3. Venn diagram showing that 0.5% of the genes regulated by ginger are related to colorectal cancer.

3.3. PPI Network Analysis and Hub Gene Selection

The 36 overlapping DEGs were used to construct the PPI network by using Cytoscape
software, which includes 36 nodes, 92 edges, while 3 isolated target genes were removed.
Hub genes were selected as key targets of ginger for colorectal cancer based on a higher
value of the degree of betweenness and closeness. The five hub genes were TP53 (Tumor
Protein 53), ESR1 (Estrogen Receptor 1), CASP9 (caspase 9), MMP9 (Matrix metallopepti-
dase 9), and PTGS2 (Prostaglandin-endoperoxide synthase), as shown in Figure 4.



Informatics 2025, 12, 116 7 of 18

Figure 4. Protein–protein interaction (PPI) network and hub-gene selection. Five hub genes were
selected, including ESR1, TP53, PTGS2, MMP9, and CASP9; the p-value of the protein network is less
than 1.0 × 10−16. Full names of the five selected hub genes.

3.4. Gene Ontology Enrichment Analysis

To determine the biological function alterations of ginger targets in colorectal cancer,
the terms of biological process were obtained by using the DAVID database. As shown
in Figure 5, ten enriched terms of BP are shown, with “transcription initiation from RNA
polymerase II promoter” significantly enriched. For cellular components, the term “GABA-
A receptor complex” was the most significantly enriched. Finally, the molecular function
showed that “nuclear receptor activity” and “ligand-activated transcription factor activity”
were significantly enriched.

Figure 5. The dot plot shows the results of gene ontology analysis of ginger’s target genes related
to colorectal cancer composed of (A) biological process (BP), (B) cellular component (CC) and
(C) molecular function (MF). The size and color are determined by the number of associated genes
and their p-values, respectively.

3.5. KEGG Pathway Analysis

KEGG pathway analysis showed how ginger acts on the pathways that have an
important role in colorectal cancer. Here, nicotine addiction (hsa05033), glutamatergic
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synapse (hsa04724), and alanine, aspartate, and glutamate metabolism (has00250), were the
top three most significantly enriched pathways as shown in Figure 6.

Figure 6. KEGG pathway enrichment analysis. (A) A dot plot of enriched pathways, the size and
color revealed the number of associated genes and their p-values, respectively. (B) A bar chart
of pathway enrichment. (C) The most significant enriched pathway from the KEGG analysis was
nicotine addiction (GABAergic signaling).

3.6. Transcription Factors (TFs) Analysis

The transcription factor enrichment analysis showed the top 20 transcription factors
as shown in Figure 7. STAT3, SP1, and TFAP2A were the top three transcription factors
associated with the Ginger response as well as colorectal cancer.

Figure 7. A bar chart showing the results of Transcription factor (TF) enrichment analysis. The length
and color of each bar represent the −log10 of the p-value and the degree of enrichment, respectively.
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3.7. Module-Based Network Analysis

MCODE analysis revealed that the differentially expressed genes (DEGs) were grouped
into three distinct modules. Module 1 consisted of six genes: GABRP, GABRD, GABRQ,
GABRA2, GABRG2, and GABRA4. Module 2 included five genes: ER, ESR1, NR3C1,
NR1I2, and PPARG. Module 3 comprised three genes: TP53, BCL2, and BAX. (Figure 8A
and Table 3).

Figure 8. MCODE (Molecular Complex Detection) enrichment analysis by Metascape. (A) PPI
network MCODE component. (B,C) GO enrichment analysis was implied to each MCODE network
to assign “meanings” to the network component. The shedding of orange color represents the
significant p-value.

Table 3. The details of the MCODE clustering are shown in the table.

Color MCODE GO Description Log10(P)

■ MCODE_1 WP4159 GABA receptor signaling −18.2

■ MCODE_1 WP4829
mBDNF and proBDNF

regulation of GABA
neurotransmission

−17.6

■ MCODE_1 hsa05033 Nicotine addiction −17.4

■ MCODE_2 R-HSA-4090294 SUMOylation of
intracellular receptors −15.2

■ MCODE_2 WP170 Nuclear receptors −14.6

■ MCODE_2 R-HSA-383280 Nuclear Receptor
transcription pathway −13.9

■ MCODE_3 WP1742 TP53 network −9.7

■ MCODE_3 GO:0001836 release of cytochrome c
from mitochondria −9.6

■ MCODE_3 GO:0070231 T cell apoptotic process −9.2

We also performed enriched biological pathways analysis to investigate the relation-
ships among biological pathways or processes. The enriched terms were presented in a
network. Each set of terms was represented by a unique color, and the significant terms
were ranked by coloring intensity as shown in Figure 8B,C.
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3.8. Construction of Putative Components-Targets-Pathways-Diseases

A total of six active components were identified from ginger. Subsequently, 6 active
compounds, 39 key targets, and associated enriched pathways—those involving the highest
number of genes—were selected to construct an active compound–target gene-associated
pathway–colorectal cancer network, as illustrated in Figure 9. The network revealed that a
single gene target could be associated with multiple compounds, and conversely, one active
compound could interact with multiple targets. Additionally, the network highlighted
pathways potentially linking ginger’s active components to colorectal cancer, including the
vitamin D-sensitive calcium signaling pathway implicated in depression, NO/cGMP/PKG
mediated neuroprotection, mBDNF and proBDNF regulation of GABA neurotransmission,
nuclear receptors in lipid metabolism and toxicity, nuclear receptors, GABA receptor, the
effect of the intestinal microbiome on the anticoagulant response of vitamin K antagonists,
nuclear receptor meta-pathway, chromosomal and microsatellite instability in colorectal
cancer, and integrated cancer pathway.

Figure 9. The regulatory network of ginger’s components–genes–pathways–disease. The yellow
represents disease, the pink represents pathways, the blue represents genes, the green represents
herbal medicine, and the orange triangle represents components.

3.9. Validation Using Molecular Docking Analysis

To verify the interrelationship among the bioactive compounds of ginger and the
protein targets, which were selected by hub genes. We performed molecular docking
between the top five protein targets, including ESR1, CASP9, PTGS2, MMP9, and TP53,
and the selected six active components from ginger by using SwissDock.

According to the protein–protein interaction network, we selected five hub genes,
including CASP9, MMP9, PTGS2, ESR1, and TP53, for molecular docking with selected pu-
tative components. ESR1 was predicted to bind to Euxanthone, Dihydrocapsaicin, Methyl
diacetoxy-6-gingerdiol, poriferast-5-en-3beta-yl beta-D glucopyranoside, beta-sitosterol,
and Stigmasterol, while PTGS2 and COX2 were predicted to bind to 6-Gingediacetate and
Dihydrocapsaicin. From molecular docking analyses, the binding energies of the target
proteins and the putative ligand compounds were set as <5 kcal/mol, indicating a good
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binding activity [23]. The predicted binding energies between the putative ligands and
their respective target proteins are shown in Figure 10 and Table 4.

Figure 10. Molecular docking of PTGS2(COX2) and ESR1 with selected ginger component compounds
and their binding affinities (∆G). (A) High-resolution of COX2 and Methyl diacetoxy-6-gingerdiol
with key residues: Leu391 (π-bond), His388 (π-bond and H-bond), Ala202 (π-bond), Thr206 (H-bond),
His207 (π-sulfide bond) and Tyr385 (H-bond) in the active site. (B) High-resolution of COX2 and
Dihydrocapsaicin with key residues: Phe209 (π-bond), Phe381 (π-bond), Leu534 (π-bond), Leu352
(π-bond), Val523 (π-bond), Val349 (π-bond), Ala527 (π-bond) and Leu531 (H-bond) in the active site.
(C) High-resolution of ESR1 and β-sitosterol with key residues: Asp411 (H-bond), Val418 (H-bond),
Lys416 (H-bond) and Gly415 (H-bond) in the active site. (D) High-resolution of ESR1 and stigmasterol
with key residues: Asp411 (H-bond), Val418 (H-bond), Lys416 (H-bond) and Gly415 (H-bond) in the
active site. (E) High-resolution of ESR1 and poriferast-5-en-3beta-yl beta-D glucopyranoside with key
residues: Asp411 (H-bond), Val418 (H-bond), Lys416 (H-bond) and Gly415 (H-bond) in the active site.
(F) High-resolution of ESR1 and Euxanthone with key residues: Asp411 (H-bond), Val418 (H-bond),
Lys416 (H-bond) and Gly415 (H-bond) in the active site.
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Table 4. The table shows the binding affinity values from molecular docking simulations between
selected ginger components and target proteins. The bold numbers reveal the highest binding affinity
values among the components and targets.

Name. CASP9 MMP9 PTGS2
(COX2) ESR1 TP53

PDB code 1JXQ 1GKC 3LN1 2OCF 3LH0

Euxanthone −5.812 −7.72 −7.26 −7.97 5.63

Dihydrocapsaicin −5.278 −6.72 −8.08 −7.01 −7.89

Methyl
diacetoxy-6-gingerdiol −5.112 −6.91 −9.20 −6.73 −6.22

poriferast-5-en-3beta-yl
beta-D-glucopyranoside −5.676 −6.42 −7.71 −8.05 −5.91

beta-sitosterol −5.678 −6.14 −7.69 −7.18 −6.07

Stigmasterol −5.732 −6.38 −7.04 −7.39 −6.07

4. Discussion
Colorectal cancer is a malignancy that can develop in any part of the colon or rectum,

with a predilection for the distal segments such as the sigmoid colon. Its pathogenesis
is complex [24]. Risk factors for the disease include alcohol and red meat consumption,
smoking, and a family history of colorectal cancer [25]. Due to concerns about the adverse
health effects and resistance to current anti-cancer treatments, researchers are exploring
new alternative treatment strategies for colorectal cancer [26]. This study highlights the
advantages of Traditional Chinese Medicine (TCM) in cancer treatment, such as its high
efficiency from the combination of multiple components and fewer side effects. While indi-
vidual TCM components have shown effectiveness in cancer treatment, research on these
components remains limited [27]. The present study demonstrates that ginger can treat
colorectal cancer by targeting multiple pathways through its various bioactive components.

In modern pharmacology, biomedical research is increasingly relying on computational
technology and tools such as systems biology, network science, and bioinformatics [28,29].
Network pharmacology allows for the analysis of molecular interactions between thera-
peutic agents and protein targets, providing insights into the systemic pharmacological
mechanisms of drugs from a holistic perspective and illustrating biological interaction
networks [30]. The ability of network pharmacology to conduct multi-component and
multi-target analyses makes it well-suited for studying the complex mixtures of bioactive
compounds found in Traditional Chinese Medicine (TCM) [31]. As a result, this study
explored the mechanisms by which ginger (GG) could be used to treat colorectal cancer.

Based on the compound–target–pathway–disease interaction network, the pharma-
cological effects of ginger on colorectal cancer appear to involve GABA signaling, lipid
metabolism, vitamin D and K signaling, neuroprotection, and various cancer-related path-
ways. In this study, β-sitosterol and stigmasterol were identified as potential therapeutic
agents for colorectal cancer. These key plant-derived phytosterols have been reported to
inhibit the growth of HT116 and COLO 320DM colon cancer cells [32,33]. β-Sitosterol, in
particular, has demonstrated the ability to decrease tumor growth and metastasis in multi-
ple cancer types, including lung and colorectal cancers [34,35], with its effects associated
with the induction of Bax expression and caspase activation [36]. These findings suggest
that ginger-derived compounds, including β-sitosterol and stigmasterol, may serve as a
promising candidate for further investigation and could be developed as therapeutic agents
for colorectal cancer.
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In this study, a total of 36 key genes were identified as the most significant potential
targets for colorectal cancer treatment. These targets were analyzed by using Metascape
for gene ontology (GO) and pathway enrichment, revealing several critical pathways that
may be regulated by the active components of ginger. Notably, the ‘nicotine addiction’
pathway—particularly involving GABAergic synapses—emerged consistently across both
enrichment and module analyses. Gamma-aminobutyric acid (GABA), a major inhibitory
neurotransmitter in the central nervous system, has been extensively studied for its roles
in neuronal function, neuropathic pain, and neuroinflammation [37]. However, the role
of GABA receptors (particularly GABABR) in cancer biology has gained increasing atten-
tion [38]. Numerous studies have reported elevated expression levels of GAD, GABA,
and GABA receptors in various cancers, including colorectal, lung, and gastric cancers,
compared to normal tissues [39]. The binding of GABA to its receptors—GABAA and
GABAB—has been shown to influence cancer cell proliferation and invasion, presenting
opportunities for the development of receptor-specific agonists and antagonists as potential
cancer therapies [40]. Ginger compounds have been reported to modulate glutamine–
glutamate–GABA metabolism by decreasing glutamate levels, enhancing GABA synthesis,
and increasing GABA concentrations in the hippocampus and frontal cortex [41,42]. In
addition to the present findings, ginger’s components may also prevent the suppression
of GABA receptor function by inhibiting eicosanoid pathways. Collectively, these ob-
servations suggest that ginger and its bioactive constituents could serve as promising
candidates, either alone or in combination, for colorectal cancer treatment by targeting
GABAergic signaling.

The nicotine addiction pathway and GABAergic signaling are functionally intercon-
nected in the pathogenesis of colorectal cancer. Nicotine-mediated activation of nicotinic
acetylcholine receptor (nAChRs) triggers multiple oncogenic signaling cascades, promot-
ing cell proliferation, angiogenesis, and resistance to apoptosis [43,44]. Concurrently,
chronic nicotine exposure can downregulate glutamate decarboxylase expression and
disrupt GABA receptor signaling, effectively bypassing the inhibitory effects of gamma-
aminobutyric acid (GABA) on tumor cell proliferation and migration [45,46]. This dual
action shifts the cellular balance toward a pro-tumorigenic state characterized by enhanced
survival and invasive capacity of colon cancer cells. Therapeutically, modulation of the
GABAergic pathway represents a promising strategy for intervention. Pharmacological
activation of GABA receptors or enhancement of endogenous GABA synthesis has demon-
strated the potential to counteract nicotine-induced tumorigenic signaling and suppress
cancer cell growth in preclinical studies [47,48]. Therefore, targeting GABAergic signaling
may provide a novel adjuvant approach for chemoprevention and treatment of nicotine-
associated colorectal cancer.

In the transcription factor (TF) analysis, STAT3 emerged as the most significantly
enriched transcription factor, potentially playing a crucial role in targeting colorectal
cancer. Signal transducer and activator of transcription 3 (STAT3) regulates antitumor
immune responses and functions as a central hub for multiple tumorigenic signaling
pathways [49]. It is also highly activated in colorectal cancer (CRC), promoting cancer cell
migration, invasion, and proliferation [50]. Previous studies have shown that 6-Shogaol
from dried ginger inhibited the ovarian cancer (A2780) cell line through STAT3 and induced
cell apoptosis in breast cancer cells, possibly through a mechanism involving the Notch
signaling pathway [51,52]. Notably, STAT3 could serve as another potential therapeutic
target for colorectal cancer treatment.

Module analysis revealed interactions among TP53, BCL2, and BAX, key regulators
of the apoptotic process. Ginger and its bioactive compounds have been shown to exert
diverse biological effects, including antioxidant, anticancer, hepatoprotective, and anti-
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inflammatory activities [53]. Previous studies have reported that ginger induces apoptosis
in human colorectal cancer cells via the activation of caspases (cysteine-aspartic proteases)
and the generation of reactive oxygen species (ROS) [54]. However, the anticancer effects
of ginger’s components on other gastrointestinal cancers, such as duodenal, esophageal,
anal, GI carcinoid tumors, and pancreatic cancer, have not yet been fully established and
require further investigation.

Docking simulation results indicated that ginger’s components can bind to COX2
and ESR1 proteins. Cyclooxygenase2 (COX2) is a prostaglandin-endoperoxide synthase 2,
encoded by the PTGS2 gene in humans, that plays a crucial role in converting arachidonic
acid to prostaglandins [55]. This enzyme is especially important during inflammatory
responses and in the progression of various pathological conditions. Previous studies
presented that COX2 overexpression is linked to various gastrointestinal cancers, including
gastric, pancreatic, liver, esophageal, and colorectal cancers [56]. Inflammation is a major
risk factor for colorectal cancers, and COX2 overexpression is closely linked to its devel-
opment. Investigating the role of COX2 and its inhibition as a prognostic biomarker for
early detection and prevention is essential [57]. Additionally, ginger has been shown to
have anti-inflammatory effects by modulating the immune response during the cellular
phase [58]. Another notable property of ginger extract is its antinociceptive effects induced
by acetic acid [59]. Its bioactive compounds exhibit analgesic and anti-inflammatory effects
through COX2 inhibition, thereby preventing arachidonic acid metabolism [60]. The thera-
peutic effects of ginger resemble those of nonsteroidal anti-inflammatory drugs (NSAIDs);
however, ginger is beneficial for the stomach as it does not negatively affect the stomach
mucosa, thus preventing gastritis [61]. Currently, ginger’s components are also recognized
for their biological activities, such as anti-allergic, antioxidant, and antimicrobial properties,
as well as their role in cancer prevention [62].

Estrogen receptor 1 (ESR1) is a member of the nuclear receptor subfamily 3, group
A, which encodes one of the two principal estrogen receptors (ERs) and is activated by
estrogen [63]. ESR1 expression is typically low in both normal and malignant colonocytes;
several studies have demonstrated that elevated ESR1 levels correlate with unfavorable
clinical outcomes in colorectal cancer (CRC) patients [64]. Moreover, accumulating evidence
indicates that ESR1 may contribute significantly to the development and progression of
colorectal cancer (CRC) [65]. Recent findings have shown that (10)-gingerol, a bioactive
constituent of ginger, exhibits greater efficacy than (6)-gingerol in inhibiting the proliferation
of human and murine mammary carcinoma cells [66]. Further investigations demonstrated
that (10)-gingerol effectively suppresses the proliferation of breast cancer cells that are
estrogen receptor-positive and exhibit HER2 overexpression [67]. Despite these promising
results, the specific impact of ginger’s bioactive constituents on estrogen-mediated signaling
pathways in colorectal cancer remains to be elucidated and warrants further investigation.

These findings suggest that the anticancer effects of ginger are mediated by the regu-
lation of multiple targets through various components. However, a more comprehensive
understanding of the molecular mechanisms by which ginger inhibits the formation and
growth of colorectal cancer is still needed. Additionally, this study primarily focused on
the lipid components of ginger and did not include larger molecular compounds such as
polysaccharides and amino acids, which should be explored in future research. Lastly,
since the etiology of colorectal cancer differs between Western and Asian countries, further
studies should delve deeper into the pathological mechanisms specific to colorectal cancer.

5. Conclusions
In conclusion, six bioactive components from ginger were identified, along with

36 related disease targets for the treatment of colorectal cancer. The PPI network analysis led
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to the selection of 36 candidate targets for hub gene identification. The enriched signaling
pathways highlighted the significant role of GABAergic signaling in the mechanism through
which ginger mediates colorectal cancer treatment. Additionally, TP53, BCL2, and BAX
were identified as the key target proteins for ginger in combating colorectal cancer. These
findings will be valuable in identifying lead compounds for the development of new
treatments for colorectal cancer. Although bioinformatics-based network pharmacology
and molecular docking analyses offer valuable preliminary insights into the potential targets
and mechanistic pathways of Zingiber officinale in colorectal cancer, these approaches possess
inherent limitations. Their predictive nature depends largely on the quality, accuracy, and
completeness of existing databases and algorithms, which may not fully reflect the dynamic
complexity of in vivo biological systems. Furthermore, computational docking does not
account for critical factors such as bioavailability, metabolism, pharmacokinetics, or the
influence of the tumor microenvironment, thereby necessitating subsequent experimental
validation to confirm the biological relevance of the predicted interactions.
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